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(5) Semiconductor laser diode. 

(57) In a semiconductor laser diode having a 
single- or multi-quantum well structure active 
layer, and a GRIN-SCH structure light confine- 
ment layer, a pair of deaved facets for forming a 
resonator ere covered with Insulator films so as 
to make one facet low reflectivity and the other 
Mgh reflectivity. Thus, a high output power in 
single axial mode can be produced from the 
low-reflectivity facet of the semiconductor laser 
diode. 
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SEMICONDUCTOR. LASER DIODE 



BACKGROUND OF THE INVENTION 
Field of the Invention 

6 

This Invention relates to a semiconductor laser 
diode which can oscillate in a single mode as an op 0* 
eel transmission ll£ht source used typically communi- 
cation. Description of the Prior Art 

There have been known as semiconductor laser 1 o 
diodes which oscillate in a single axial mode a distri- 
buted feedback laser (DFB) shown In Fig. 3. a distri- 
buted Bragg reflection laser (DBF*) shown In Fig. 4. 
and an external cavity laser shown In Fig, 5, 

In the DFB type semiconductor laser diode shown is 
in Fig. 3. alowerclad Iayer4,en active layer 1, an opti- 
cal guide layer Z having a diffraction grating 7. an 
upper clad layer 3 and a cap layer 5 are sequentially 
formed on a substrate 6. 

In the DFB laser diode shown in Fig. 4, a tower zo 
clad layer 4 ? an active layer 1 having a diffraction grat- 
ing 7, an upper clad layer 3 and a cap layer 5 are 
sequential fy formed on a substrate 6. 

f n the externa] cavity laser diode shown in Fig. 6, 
a lower clad layer 4. an active layer 1 . an upper dad 2s 
layer 3 and a cap layer 5 are sequentially grown on a 
substrate 6, and an external mirror 8 is provided out- 
side the grown layer structure. 

In addition, a semiconductor laser diode which 
has active layer of multiquantum well structure 30 
(MOW) and a light confinement layer of a GRIN-SCH 
structure (Graded Index Separate Confinement 
Heterostructure) to form a resonator through a pair of 
cleaved surfaces has been disclosed in the following 
reference 1. » 

Reference 1: XJ.A.P.. A- Kasukawa et aU vol. 
128. pp 661-663 (1989) 

The semiconductor laser diode described in the 
reference 1 is devised as a result of development of 
a modem MOCVD technique. It Is reported that this 40 
semiconductor laser diode can oscillate in a single 
axial mode in a long-wavelength region of X = 1 .3 - 1 .5 
urn. 

Heretofore, the single mode semiconductor laser 
dfades have been used as light sources for a high- 45 
speed and long distance digital communication where 
transmission frequency band is limited due to a spec- 
tral dispersion. However, since the intensity noise 
characteristic of the diode is excellent by about 10 
dB/Hz in comparison wfth a multimode semiconductor $o 
laser diode, the semiconductor laser diode has been 
recently used as fight sources foran analog communi- 
cation. 

Since the DFB and DBR type semiconductor 
laser diodes described above must be formed with the 55 
diffraction gratings 7, the manufacturing process of 



tha&e diodes are complicated 

Particularly, the yield of the DFB type semicon- 
ductor laser diodes is low as pointed out In the next 
reference 2. 

Reference 2; The publication of the Electronic 
Information Communication Association, S. Akiba. 
vol. 70, pp. 471-474 (May 1987). 

As apparently described in the reference 2, the 
DFB-LD has properties which oscillate in two 
wavelengths of both sides of Bragg Wavelength 9 rep- 
resented by the following equation (1) for satisfying 
Bragg reflection conditions except when the phases 
of the cleaved facets and the diffraction grating are in 
specific ranges. 

\*=2n.x (1) 

where 

i\ . : equivalent retractive index 
X : period of diffraction grating 

Therefore, the following technical considerations 
are required. 

One of the technical considerations is that the 
DFB-LD is to make an antireflection coating to the 
front facet of LD cavity in order to have the DFB-LD 
oscillate et one side of Another Is to make antire- 
flection and high-reflection coatings to front and rear 
facets, respectively, or to shift the phase of the diffrac- 
tion grating by a quarter of at the center of the 
resonator, so as to oscillate just in the A*. 

However, In all these cases, the manufacturing 
steps or the DFB laser diodes are complicated, and 
the yields of the DFB lasers are decreased. 

In the above-men boned external cavity type 
semiconductor laser diode, St Is difficult to manufac- 
ture Its external mirror with high reproducibility. There- 
fore, the reproducibility of oscillation wavelength 
characteristics cannot be provided* 

When the end surface output power of the above- 
mentioned GRIN-SCH-MQW type semiconductor 
laser diode is increased, the laser spectrum is trans- 
ferred from a singje mode to a multimode. The relative 
intensity noise of this semiconductor laser diode is 
increased by about 10 dB/Hz due to above transition 
from single to mufti-mode. Because of this phenome- 
non, this ID cannot be applied to analog transmis- 
sion, where high-power and low-noise characteristics 
are required. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a 
semiconductor laser diode which can eliminate the 
technical disadvantages of the conventional semicon- 
ductor laser diode and which can increase the output 
power, under which the laser can operate in the single 
axial mode thereof by improving GRIN-SCH-MQW 
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type, GRIN-SCH-SQW type and the tike semiconduc- 
tor laser diodes. 

In order to achieve the above-mentioned and 
other objects of the present invention, there fs pro- 
vided a semiconductor laser diode having an active 
layer formed on a substrate of a multt- or slngje-quan- 
tum weff structure, a light confinement layer formed of 
a GRIN-SCH structure having a refractive index dec- 
reasing gradually from said active layer to dad layer, 
and a laser cavity formed of a pair of cleaved facets, 
one of which is high-reflection coated so as to have 
higher reflectivity than that of one cleaved facet of 
said resonator, and the other of which is sntireHectlon 
coated so as to have lower reflectivity than that of the 
after cleaved facet of said resonator. 

The active layer of trie semiconductor laser diode 
of the Invention is formed of asingie-ormuia-quantum 
well structure. Th e active layer is preferably formed of 
GalnAs or GalnAsP materials. 

The semiconductor layers on the substrate of the 
semiconductor laser diode of the present Invention 
are preferably formed by a vapor-phase epitaxial 
method such as MOCVD method. 
Operation 

The semiconductor laser diode according to the 
present invention has not only the active layer of 
quantum welt structure, the GRIN-SCH confinement 
Isyer but also cleaved facets, the front aide of which 
ts covered with tha high-reflectivity reflection film and 
the rear side of which is covered with the low-reflec- 
tivity reflection film. Therefore, ae will be described 
with respect to the embodiment to be described later, 
a high-output power can be produced In a single axial 
mode from a predetermined facet of the semiconduc- 
tor laser diode. 

BRIEF DESCRIPTION Of THE DRAWINGS 

The above and other objects as well as advan- 
tageous features of the invention w3l become appa- 
rent from the following detailed description of the 
preferred embodiments taken in conjunction with the 
accompanying drawings. 

Fig, 1(A) and 1(B) are a front view and a longitu- 
dinal sectional side view showing an embodiment 
of a semiconductor laser diode according to the 
present invention: 

Fig. 2 is a characteristic diagram showing the 
relationship between the reflectivity of the front 
facet with antireflection coating a nd the maximum 
output power in single axial mode For the semi- 
conductor laser diode of the present invention; 
Fig. 3 is a sectional view of a Distributed Feed- 
back (DFB) type semiconductor laser diode 
according to prior art; 

Fig. 4 Is a sectional view of a Distributed Bragg 
Reflector (DBR) type semiconductor laser diode 
eccording to prior art 



Fig. 5 is a sectional view of an external composite 
resonance type semiconductor laser element 
according to prior art; and 
Figs. 6 and 7 show the notfinearlty of the output 
power vs. Injection current (L-l) characteristics of 
the semiconductor laser diode according to the 
present invention and of the prior art, respect- 
ively, for GRINDS CH-MQR, 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Embodiments of e semlronductor laser diode 
according to the present invention will now be des- 
cribed with reference to Figs. 1(A) and 1(B). 

In Figs. 1(A) and 1(B), an n-type InP buffer layer 
14, an n-type GRIN-SCH structure light confinement 
layer 12a, a multiquantum well active layer 11, a p- 
type GRIN-SCH structure light confinement Layer 
12b. a p-type InP clad layer 13, and a p-type GalnAsP 
cap layer 15 are sequentially grown on an n-type InP 
substrate 16- A p-iype InP current blocking layer 17 
and an n-type InP blocking layer 1 B are formed at both 
sides of the active layer 1 1 . 

in the semiconductor laser diode of the arrange- 
ment described above, one cleaved facet to become 
an emitting front facet Is covered with a low-reflection 
Aim 19. and the other cleaved facet to become an 
opposite rear facet is covered with a multilayer high- 
reflection film 20. 

In the embodiment of me semiconductor laser 
diode described above, the active layer 11 is formed 
of a single quantum well structure (SQW) or a multi- 
quantum well structure (MQW). 

When the active layer 1 1 is formed of the MQW, 
it is formed of a plurality of well layers and barrier 
layers alternatively grown. 

In the embodiment described above, the GRIN- 
SCH structure light confinement layers 12a and 12b 
in which the refractive indexes are decreased gradu- 
ally from the active layer 11 to dad layers i4 and 15 
are so formed that two or more (four in the embodi- 
ment) of thin films, of which bandgap wavelengths X 
are stepwisdy Increased, are exhibit a quasiparabolic 
reflective index profile. 

These active layer 11 and the light confinement 
layers 12a and 12b are formed on the n-type InP sub- 
strate 1 6 mainly by means of known or well-known va- 
por-phase epitaxial method, and the clad layer 14. the 
cap layer 15 and the current blocking layers 17 and 
18 are also formed mainly by means of the vapor- 
' phase epitaxial method. 

As one concrete example of the embodiment, an 
MOCVD method which has excellent controllability of 
the thickness, composition, etc. of thin films and a 
mesa etching method are employed, end a semicon- 
ductor laser diode as shown in the drawings is man- 
ufactured. 
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The cavity length of a resonator composed of the 
tow-reflection film 1 9 and the high-reflection film 20 is, 
for example. 500 nm. 

In this case, the low-reflection film 19 Is formed of 
SIQ, or SiNx having about (1/4) X of thickness and 6 
about 1 to 15 % of reflectivity. The high-reflection film 
20 is formed of a multilayer film structure having 60 to 
95 % or reflectivity of three pairs of composite films of 
SiO, (corresponding to (1/4)X) and amorphous Si 
(corresponding to (1/4)X), and S\0* (corresponding to to 
(1/4)X) added thereto* 

In the embodiment of the semiconductor laser 
diode shown In Rgs. 1(A) and 1(B), an retype elec- 
trode (not shown) Is provided on the rear surface of 
the lapped substrate 16, end a p~type electrode (not 1$ 
shown) is provided on the upper surface of the cap 
layer 15. 

In the embodiment of the semiconductor laser 
diode shown in figs, 1(A) and 1(B), when a current is 
injected between the p-type electrode and the n-type 20 
electrode, the active layer region 1 1 emits a light, the 
light is reflected and amplified In the active layer reg- 
ion 11 to generate a stimulated emission, and a light 
is emitted from the active layerregion 20 Ina predeter- 
mined direction. 25 

Fig. 2 shows experimental result for the depen- 
dence of the maximum output power under which the 
laser can operate In signal axial mode on the reflec- 
tivity of the front facet for the GR1N-SCH MQW-LDs. 

As apparent from Fig, 2. when the reflectivity of 30 
the Tront facet is 1 0 % or less, the output power of the 
diode in the single axial mode is increasad by 30 to 
40 % as compared with the case that the cleaved sur- 
face is provided without low reflection film 19. 

The above experiment In Fig. 2 was executed !n 35 
b lot in which the maximum laser power Pfm«x was 
relatively low, under which laser can operate in single 
axial mode. 

In other experiment, It was confirmed that, there 
Is a lot in which the laser can operate In single axial 40 
mode up to 20 mW, even ff both the end surfaces of 
the semiconductor laser diode remained as cleaved 
facets. 

It is predicted that, If the above-mentioned reflec- 
tion film is formed on the cleaved surface of such 46 
diode, a single mode operation can be achieved by 
the output up to the vicinity Of 30 mW. 

The reason why the above-mentioned preferable 
result is obtained by the semiconductor laser dfode of 
the present invention is considered as below. so 

In the single mode laser oscillation, when the 
laser power near the output facet in the laser 
resonator Is 1 Pi, the power density at the center of the 
resonator is reduced as compared with the Pi, but is 
regarded as being approximately equal to PL 3? 

Therefore, the output Pf of the semiconductor 
laser diode becomes as the following equation (2). 
Pf = (1-Rf)PI (2) 



where Rf is reflectivity of the emitting front facet. 

Here, we assume that the maximum laser power 
Pim^r In the cavity, capable of the slngle-mode oper- 
ation is limited to a predetermined value by some 
mechanism- The maximum output Pfm« of the semi- 
conductor laser diode under which laser can operate 
In a single axial mode when the reflectrvity Rf is 
altered under the above condition becomes as the fol- 
lowing equation (3). 

In the equation (3), when the Rf dependency Is 
calculated, wherein the Pw is constant, the calcu- 
lated result exhibits a tendency preferably consistent 
with the experimental result in Fig. 2. 

It can be interpreted that in case of the semicon- 
ductor laser diode having the active layer 1 1 of quan- 
tum well structure and the light confinement layers of 
GRJN-SCH structure 12a and 12b, if and when the 
one cleaved facet of the resonator Is covered with the 
low-reflectivity reflection film 19. while its other facet 
Is covered with the hlgh-reflectivlty (80 to 05 %) ref- 
lection film, the maximum output power of the single- 
mode operation Is limited by the maximum value of 
the laser power in the laser cavity. 

Therefore, the single-mode output front facet 
power can be Increased in the semiconductor laser 
diode according to the present invention depending 
on this. 

Next, the improvement of nonllnearity in the out- 
put power vs. injection current characteristics of the 
GRIN-SCH-MQW-LD with (embodiments of the pre- 
sent invention) or without (prior art) the facet coating 
wifl be described referring to Rgs. 6 and 7, for embo- 
diment of the present invention with facet coating of 
the reflectrvity ratio, 0.85 : 0.1. 

In Rgs. 8 and 7, the left vertical axis, the right ver- 
tical axis, and the horizontal axis stand for the front 
facet output power, mM, the external differential quan- 
tum efficiency n d, %. and the injection current tf. mA. 
respectively. While, the dotted line and the solid line 
represent the lights output powerPf and its differential 
value, n 0 . respectively. 

The nonlinearity of the LD output characteristics 
can be defined by the following equation (4). 
Alofop<20 mVV>ri 0 (rnax)]/n o (max) (4) 

As shown in Fig- 6, rj Q , %, the rate of decrease of 
the external differential quantum efficiency in 20 mW 
output Is kept as low as about 8 % In the semiconduc- 
tor laser diode according to the present invention. 

On the contrary, as shown in Fig*7, im dropped by 
about 24 % that in the prior art 

As described abova and illustrated In the drav*» 
ings, the nonlinearity of of the semiconductor laser 
diode according to the present invention has been 
Improved remarkably In comparison with that of the 
prior art. 

In the semiconductor laser diode according to, 
the present Invention, the active layer is formed of the 
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quantum well structure, the light confinement layers 
both sides of the active layer is formed of the GRJN* 
SCH structure end yet a pair of cleaved facets for 
f orming the resonator are covered with the low-reflec- 
tivity reflection film and the high-reflectivity reflection s 
film. Therefore, the semiconductor laser diode of the 
Invention can produce a high output power In the 
single axial mode. Further, the active layer, the light 
confinement layer, etc. can be formed by technically 
skilled thin film growing method, and the low-reflec- 10 
□Vity film and the high-reflectivity film may be merely 
provided on the cleaved surfaces of the element Con- 
sequently, In case of manufacturing the semiconduc- 
tor laser diode, technical skill Is not required, but the 
yield of the good products of the semiconductor laser 1 s 
diode can be enhanced. 



Claims 

2D 

1. A semiconductor laser diode having an active 
layer formed on a substrate of e single- or multi- 
quantum well structure, a light confinement layer 
for holding said active layer, formed of a GRIN- 
SCH structure having a refractive index decreaa- 2s 
ing gradually from said active layer to dad layer, 

and a resonator formed of a pair of cleaved facets 
comprising one d saved facet with insulator film 
s4> as to have higher reflectivity than that of 
insu la tor cleaved facet of said resonator, and the 30 
other d saved facet with insulator film so as to 
hava lower reflectivity than that of the other 
deaved facet of said resonator. 

2. A semiconductor laser diode accord ing to dalm 1 , 35 
wherein said active layer Is formed of GalnAa or 
GalnAsP materials. 

3. A semiconductor laser diode according to daim 1 , 
wherein the reflectivity of said facet with high-ref- 40 
lection coating is 80 to 95 %, and the reflectivity 

of said facet with low-reflection cavity ie 15 % or 
less. 

4. A semiconductor laser diode according to any of 43 
dalms 1 to 3, wherein said semiconductor layers 

on the substrate are formed by a vapor-phase 
epitaxial method. 
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<g) Semiconductor laser diode. 

(S7) In a semiconductor laser diode having a single- or multi-quantum well structure active layer (11), and 
a GRJN-SCH structure light confinement layer (I2a,12b), a pair of cleaved facets for forming a resonator 
are covered with insulator films (19,20) so as to make one facet low reflectivity (19) and the other high 
reflectivity (20). Thus, a high output power in single axial mode can be produced from me low- 
reflectivity facet of the semiconductor laser diode. 
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